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(54) [Title of the Invention] 



NONVOLATILE SEMICONDUCTOR STORAGE DEVICE 

(57) [Abstract] 

[Purpose] 

To aim at providing an NAND cell type EEPROM which enables a high- 
speed data writing. 

[Construction] 

High-speed data writing was attained by providing a bit line 
charging means 31 for charging plural bit lines to an intermediate 
voltage, before the time of data writing and selectively 
discharging the pre-charged bit lines according to data to be 
written. 

(Figure, pi, lower right) 

15 ^ column decoder 
32 booster circuit 

booster circuit (lower right of figure) 

[Claims] 
[Claim 1] 

A nonvolatile semiconductor storage device, characterized by a 
memory cell array in which a plural number of electrically write- 
able memory' cells are provided by laminating a charge storage 
layer and control gates on a semiconductor substrate, are 
connected in series to form a NAND cell and arranged into a 
matrix, wherein a row selecting means for selecting word lines of 
the memory cell array, a column selecting means for selecting the 
bit lines of the memory cell array, a data latching means for 
connecting the bit lines of the memory cell array via a first 
transfer gate and keeping a function of selectively discharging 
the word line recording data at the time of data writing, and a 
bit line charging means for connecting the bit lines of the memory 
cell array via a second transfer gate and charging plural bit 
lines before the time of data writing. 
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[Claim 2] 

The nonvolatile semiconductor storage device described in Claim 1, 
characterized by the bit line charging means, charges the bit 
lines to an intermediate voltage in a data load before writing the 
data into the memory cell array. 

[Problems Overcome by the Invention] 
[0001] 

[Field of Industrial Applications] 

This invention relates to a nonvolatile semiconductor storage 
device in which electrically write-able memory cells having a 
charge storage layer and control gates are used (EEPROM) , and 
particularly to EEPROM having a memory cell array of NADN cell 
construction. 

[0002] 

[Prior Art] 

A NAND cell type EEPROM with plural memory cells connected in 
series has been known as a highly integrate-able one in EEPROM. 
One memory cell has a FETMOS structure where floating gates and 
control gates are laminated on a semiconductor substrate via an 
insulating film, and plural memory cells are connected in series 
in the form of sharing their source and drain by adjoining them to 
each other to construct a NAND cell. The drain of the NAND cell on 
one end side is connected to bit lines via select gates, and the 
source on the other end side is connected to a common source line 
still via the select gate. A plurality of such memory cells are 
arranged into a matrix to construct an EEPROM. The control gates 
of the memory cells are continuously arranged in the row direction 
to become word lines. 

[0003] 

Actuation of this NAND cell type EEPROM is as follows. The data 
writing is performed in an order from a memory cell remote from 
the bit lines. If a case of n channels is illustrated, a boosted 
writing voltage Vpp (= about 20 V) is applied to the control gate 
of a selected memory cell, thereby an intermediate voltage VppM (= 
about 10 V) is applied to the control gate and the select gate of 
a non-selected memory cell on the bit line side, and 0 V (e.g.. 
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"1") or an intermediate voltage (e.g., ^^0") is applied to the bit 
line according to data. At this time, the voltage of the bit line 
transfers a non-selected memory cell and carries it to the drain 
of a selected memory cell. At the time of data ''1", a high 
electric field is imposed between the floating gates and the 
drain of a memory cell, and electrons are tunnel injected from 
the drain to the floating gates to move the threshold value in the 
positive direction. At the time of data "0", the threshold value 
does not change . 

[0004] 

The data erasure is performed simultaneously for all memory cells 
in an NAND cell. Namely, all control gates and select gates are 
taken as 0 V, and a boosted erasure voltage Vppe (= 20 V) is 
applied to a p-type well or an n-type substrate. Thereby, 
electrons of the floating gates are emitted to a well in all the 
memory cells, and the threshold value moves in the negative 
direction. 

[0005] 

The data reading is performed by taking the control gates of 
selected memory cells as 0 V and the control gates and the select 
gates of other memory cells as power voltage Vcc (= 5 V) and 
detecting whether a current flows in the selected memory cells. 

[0006] 

In such a conventional NAND cell type EEPROM, there was such a 
problem that time is taken to boost the bit lines to an 
intermediate voltage and therefore time is taken for data writing. 
It is specifically illustrated by Fig. 6 and Fig, 7, Fig. 6 is the 
construction of the bit line control circuit unit of the 
conventional NAND cell type EEPROM, and Fig. 7 is its control 
timing chart. As shown in Fig. 7, the data loading, e.g., based on 
a page mode is performed from a time ti, and the memory cells 
become a writable state* at a time ta. Namely, a control signal BLD 
(e.g., 10 V) is input into transfer gates QTi, QT2, J, QT^ 
connecting bit lines BL, sense amplifiers SAi and data latch 
circuits LAi since it becomes time tz. The rise time Tr of this 
control signal BLD is about 5 ^sec. Simultaneously with the rise 
of the control signal BLD, an intermediate voltage VppM (e.g., 10 
V) from a booster circuit is supplied to the necessary bit lines - 
via the latch circuit LAi. An example in which a bit line BLi is 0 
V as it is and a bit line BL2 rises to VppM is shown in Fig. 7. At 
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this occasion, the time taken for the rise of the bit line is 
about t BLR = 20 ^isec. At the time of this writing, a boosting 
voltage Vpp is given to a selected control gate CGi and an 
intermediate voltage Vpp„ is given to a non-selected control gate 
CG2. As shown in Fig. 1, the net time taken for the data writing 
is about twN = 40 |isec, if a time for charging the bit lines before 
the writing is taken into consideration, the writing time tw 
becomes 

tw = tfiLR + twN = 60 [^sec] 
[0007] 

The intermediate voltage VppM used in the above writing actuations 
is made by an internal booster circuit of the chip in an actuation 
of a single 5 V power source. However, the current supply ability 
of the internal booster circuit is generally weak, accordingly it 
is difficult to shorten the boosting time of bit lines to an 
intermediate voltage. Therefore, it is concluded that a 
specification of the writing time cannot be satisfied in a 
particularly high integrated EEPROM. 

[0008] 

As described above, there was a problem where high-speed data 
writing cannot be made in a conventional NAND cell type EEPROM. 
This invention was made in view of the above points and is aimed 
at providing an NAND cell type EEPROM which enables a high-speed 
data writing. 

[0009] 

[Problem Resolution Means] 

The NAND cell type EEPROM based on this invention is characterized 
by providing a bit line charging means for charging plural bit 
lines to an intermediate voltage before the time of data writing 
and selectively discharging the precharged bit lines according to 
data to be written. 

[0010] 

[Efficacy of the Invention] 

Considering that the current supply ability of an internal booster 
circuit is limited, the selective discharging of bit lines charged 
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to an intermediate voltage beforehand is easier than the charging 
of bit lines to an intermediate voltage to actuate at a high speed 
in the writing using such a booster circuit. Accordingly, this 
invention enables a NAND cell type EEPROM which enables a high- 
speed data writing. 

[0011] 

[Embodiment] 

An embodiment of the invention is illustrated in the drawings 
below. 

[0012] 

Fig. 1 is a block diagram showing the whole construction of a NAND 
cell type EEPROM relating to one embodiment of this invention. 
Symbol 21 is a memory cell array in which the NAND cells are 
arrayed into a matrix. Sense amplifiers 22 for detecting the 
output thereof, a row address buffer 24, a row decoder 23 for 
selecting word lines, a column address buffer 26 and a column 
decoder 25 are arranged around the memory cell array 21. A data 
latch circuit 27 temporarily stores input/output data and has a 
capacity of the number of bit lines (e.g., 2048 lines) in this 
embodiment. Data read from the memory cell array 21 is obtained to 
data input/output lines via an I/O sense amplifier 28 and a data 
out buffer 29. Data for writing externally taken from the data 
input/output lines to the data latch circuit 27 via a data-in 
buffer 30. A bit line charging circuit 31 for pre-charging the bit 
lines to an intermediate . voltage before the time of data writing 
is arranged at the bit line end opposite to the data latch circuit 
27 of the memory cell array 21. 

[0013] 

Fig. 2 and Fig. 3 show a specific construction of a NAND cell of 
this embodiment. Fig. 2(a) is an layout, (b) is an equivalent 
circuit, and Fig. 3(a) (b) are A-A' , B-B' cross-sections of Fig. 
2 (a) , respectively. 

[0014] 

A NAND cell is formed by 8 memory cells Mi - Me in this embodiment. 
In the memory cells, the floating gates 14 (14i - 148) based on a 
first polycrystalline silicon film are formed on a p-type silicon 
substrate (or a well) 11 via a thin gate insulating film 13 formed 
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by thermal oxidation, and the control gates 16 (16i - 169) based on 
a second polycrystalline silicon film is formed thereon by 
lamination via an interlayer insulating film 15. The floating 
gates 14 are a charge storage layer. The control gates 16 of the 
memory cells are continuously arranged as control gate lines CG 
(CGi - CGq) of the NAND cells arrayed transversely, and they are 
commonly taken as word lines. An n-type layer 19 being a 
source/drain diffusion layer of the memory cells are shared by the 
ones adjacent to each other to connect 8 memory cells Mi - Ms in 
series. Select gates Si, S2 are arranged on the drain side and the 
source side of these 8 memory transistors, respectively. A gate 
insulating film of these select gates is formed more thickly apart 
from a common memory cell unit, and two layers of gate electrodes 
149, I69 and 14io, 16io are formed thereon. These two layers of gate 
electrodes are contacted at a predetermined spacing and 
continuously arranged in the direction of the control gate lines 
to become select gate lines SGi, SG2- They are covered by a CVD 
insulating film 17 on an element-formed substrate, and bit lines 
18 are arranged thereon. The bit lines 18 contact with the drain 
diffusion layer of one select gate Si. The source diffusion layer 
of the other select gate S2 is usually arranged in common with 
plural NAND cells as a common source line. 

[0015] 

Fig. 4 specifically shows the construction of a bit line control 
circuit unit. One end of each bit line BLi (i = 1 - m) of the 
memory cell array 21 is connected to a data latch circuit (LAi) 27 
and a sense amplifier (SAi) 22 via a first transfer gate QTli, and 
is further connected to an input/output line I/O via a transistor 
controlled by an output signal CSLi of a column decoder. 

[0016] 

The other end of the bit line BLi is connected to an output line 
BLCRL of a booster circuit 32 for generating an intermediate 
voltage via a second transfer gate QT2i. The second transfer gate 
QT2i and booster circuit 32 are included to form a bit line 
charging circuit 31 of Fig. 1. 

[0017] 

Fig. 5 is a timing chart showing the writing actuations of the 
EEPROM based on this invention. Before writing the data into the 
memory cells,, the incorporation of external data into the data 
latch circuit 27, i. e., a so-called data load is performed from a 
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time ti. This data load is performed, e.g., by a page mode, and a 
case of page length 512 bits is shown as an example in Fig. 5. 
Regarding the data load based on this page mode, for example, the 
charging of an intermediate voltage Vpp„ (- 10 V) for the output 
line BLCRL is started by the booster circuit 32 at the 254th bit. 
The intermediate voltage is also given to a control line BLU 
simultaneously, all the transfer gates QTli are in the ON state 
and all the bit lines BLi are charged to the intermediate voltage 
VppM. The charging of this intermediate voltage can be supplied 
from a power supply Vcc to the half way. Because the charging of 
these bit lines is carried out by an internal booster circuit 32 
with a limited current supply ability as described above, its time 
tBLR is large, but the bit lines had better be charged until the 
data load finishes. For example, if the page cycle is taken as 100 
nsec and the page length is taken as 512 bits, the time of data 
load is 

100 [nsec] x 512 = 51.2 [jisec] 
[0018] 

Since the time tsLR taken for raising the bit lines to the 
intermediate voltage is about 20 ^isec, the bit lines can be fully 
charged till a time t2 at which the data writing starts. 
Simultaneously with the pre-charging of these bit lines, the 
control gate lines are also similarly pre-charged to the 
intermediate voltage. 

[0019] 

In this way, all the bit lines are pre-charged in the data load 
and come into a state for writing into a NADA cells at the time 
t2. Namely, the control signal BLD is raised by this timing, the 
first transfer gate QTli is in the ON state, and data latched in 
the data latch circuit 27 are transferred to the bit lines BLi. 
Thereby, a bit line with ^^0" data (intermediate voltage) (BL2 in 
Fig. 5) is kept to the intermediate voltage, and a bit line with 
''1" data (0 V) (BLi in Fig. 5) is grounded and discharged to 0 V. 
A boosted writing voltage Vpp is give to a control gate line (CGi 
in Fig. 5) selected in synchronism with the rising of the control 
signal BLD. A remaining non-selected control gate line (CG2 in 
Fig. 5) is kept to the intermediate voltage as it is. Thereby, an 
electron injection into the float gates is carried out by the 
selected memory cells along the bit lines which are made to 0 V by 
discharging. 
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[0020] 



The discharging of the bit lines in this writing actuations can be 
carried out at a very high speed as compared to the charging with 
the internal booster circuit. Since the net time twN taken for the 
data writing is 20 ^isec as described above and the time tR taken 
for the rising of the control signal is about 4 jisec, the writing 
time tw finally becomes 

tw = tR + twN = 45 [jisec] 

Therefore, a sharp shortening is attained as compared to the 
conventional mode. 

[0021] 

In the embodiment, all the bit lines of the memory cell array are 
charged to an intermediate voltage at the time of data writing, 
but a mode wherein all the bit lines of a block unit are charged 
to an intermediate voltage in the block unit can also be adopted. 
Besides, this invention can be embodied by various modifications 
in a range where the purpose of the invention is not deviated 
from. 

[0022] 

[Efficacy of the Invention] 

As described above, this invention provides an NAND cell type 
EEPROM with high-speed data writing by pre-charging the bit lines 
to an intermediate voltage before data writing and selectively 
discharging them to perform the writing actuations. 
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[Brief Description of the Drawings] 
[Fig. 1] 

A block diagram showing the whole construction of the EEPROM 
relating to one embodiment of this invention. 

[Fig. 2] 

A layout and equivalent circuit diagram showing the NAND cells of 
the same embodiment. 

[Fig. 3] 

A drawing showing the cross-sectional structure of the NAND cells 
of the same embodiment. 

[Fig. 4] 

A diagram showing the construction of the bit line control circuit 
unit of the same embodiment. 

[Fig. 5] 

A timing chart for illustrating the data writing actuations of the 
same embodiment. 

[Fig. 6] 

A diagram showing the construction of the bit line control circuit 
unit of a conventional EEPROM. 

[Fig. 7] 

A timing chart for illustrating the conventional data writing 
actuations. 
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[Description of the Symbols] 



^1 memory cell array 

22 bit line sense amplifier 

23 row decoder 

24 row address buffer 

25 column decoder 

26 column address buffer 

27 data latch circuit 

28 I/O sense amplifier 

29 data out buffer 

30 data in buffer 

31 bit line charging circuit 

32 booster circuit 
BLi - BLm bit lines 

CGi - CGa control gate lines {word lines) 

QTli - QTlm first transfer gates 

QT2i - QT2ni second transfer gates 

[Fig. 1] 

21 EEPROM memory cells 

22 sense amplifier (2048) 

23 row decoder 

24 row address buffer 

25 column decoder (CSL) 

2 6 column address buffer 

27 latch circuit (2048) 

28 I/O sense amplifier 

29 data out buffer 

30 data in buffer 



31 bit line charging circuit 
[Fig. 2] 

[Fig. 3] 
[Fig. 4] 

15 column decoder 

32 booster circuit 

booster circuit (lower right of figure) 

[Fig. 5] 

(top) Data load based on page mode Writing tw 

(left) CGi (selected) CG2 (non-selected) 
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[Fig. 6] 

15 column decoder 

booster circuit (lower right of figure) 

[Fig. 7] 

(top) Data load based on page mode Writing t w 

(left) CGi (selected) CG2 (non-selected) 
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